Abstract-Predicting of solar resource in general is momentous for preparation of the operations of power plants which transform renewable energies to electricity. In particular, the possibility to predict the solar irradiance (up to one day or even more) can become of significant interest with reference to Grid connected Photovoltaic (PV) Plants, stand alone and hybrid system. In this paper, a MATLAB/SIMULINK simulation based model for predicting hourly solar radiation using modified Hottel's radiation model is presented. The proposed modified Hottel's model makes it possible to predict solar radiation on hourly basis using current values of day type and geography of the location. While predicting power output, the model requires information of the weather forecast of the day to be predicted, some data from solar module datasheet is use and predicted radiation. The predicted results are compared with outdoor data collected by horizontal mount pyranometer at coordinates (2.945N, 101.728E) on 24th, June 2012. The results indicated the proposed model performed well after comparison with field data, having a correlation coefficient of 97%, also recorded 96% and 76% with Hottel's and Ashrae model respectively.
INTRODUCTION
Solar radiation is a major data in predicting the performance photovoltaic systems. This data is site specific and measured using sophisticated instruments which are very expensive. Inclined hourly solar radiation data is not available in most sites and weather stations, where available is normally daily average global horizontal [1] , [2] . The need for solar radiation data is becoming more and more significant due to its versatility in many applications like in building planning, agriculture, health centers, power plants, analysis etc. [3] , [4] . There is a need for solar radiation prediction models to cater the aforementioned shortcomings. Many models for prediction of solar radiation on inclined surface were developed by a large number of researchers using typical meteorological year data of particular location which are mostly suitable for such location only [2] . The models tends to over-estimate or under estimate the radiation if used in different location. Power prediction of a particular location/site is very essential during the design and pre-installation which depends on the available solar information at the site that can be received by the panels in relation to inclination and surface azimuth for optimization and accuracy in prediction. Various inclined solar radiation models are proposed by several researchers like Klucher (1979) , Hay (1979) , Temps and Coulson (1977) , Reindl et al. (1990) , ASHRAE (1993mostly developed for USA sky condition [5] . Moreover, this research aimed to develop a suitable model that could predict the hourly solar radiation under Malaysian climate condition and then applied to the PV characteristics simulation model to predict the hourly power output, which is significant for the management of the utility grid.
II. PROBLEM STATEMENT
Solar radiation is the most essential input for solar based systems application i.e. solar power plant, thermal collectors among others. Solar data available in weather station and research centers are mainly global horizontal daily based and monthly averaged, used for design, optimization and evaluation of solar system. Mostly, solar arrays are installed in an optimal inclination and orientation, it is of importance to determine the direct beam and diffuse radiation from the available global horizontal radiation for easy transformation to the inclined radiation using the available models for power prediction and performance evaluation of tilted solar systems on hourly basis.
III. OVERVIEW OF THE PREDICTION SCHEME
The summary of the prediction models is depicted in Fig.1 . The incoming irradiance that strike the inclined PV panel is predicted based on the solar radiation prediction model as it is not readily available on most sites [5] . The first part of the model, predicted the horizontal irradiance based on geography of the site, the predicted horizontal irradiance is transformed into the inclined irradiance according to the orientation and inclination of the PV panel ready for PV characteristics simulation model. The PV simulation model relative to the location's hourly weather forecast (temperature, day type etc.), and predicted hourly site inclined irradiance are the main inputs to predict the hourly PV power, as details depicted in Fig.1 the hourly maximum power is predicted through maximum power point simulation model applied on the predicted inclined radiation together with inverter efficiency and system losses model. The power fed to the grid is function of the received hourly irradiance and forecasted hourly temperature of one or more days ahead obtained from closest meteorological station.
In Malaysia weather can be forecasted for 7 days in accordance with Malaysia Meteorological department, as such the model can predict up to 7 days irradiance and power output of PV power plant. 
A. Solar Radiation Prediction models
Ashrae and Hottel's clear sky radiation models are considered for this research. To predict the PV power output without irradiance measurement, it is obvious to predict the amount of solar radiation incident on the inclined PV panel. The total radiation on the inclined PV panel is made up of three components, direct, diffuses and reflected [6] . where, is solar constant of value 1367W/m2 also D is the number of a day in a year from 1-365 The transmittance coefficient through the atmosphere of beam radiation proposed by Hottel is given as exp / 11 where, constants , and are computed by the following expression proposed by Hottel [6] , [8] , [9] , [10] 0.4237 0.00821 6 12 0.5055 0.00595 6.5 13 0.2711 0.001858 2.5 14 where, A represents location/site altitude in km, , and are clime type correction factors as given in Table. 1 Similarly, the diffuse and reflected radiation atmospheric transmittances are determined by the following expressions given by Hottel.
Ashrae Model
0 where, 360 1 /365 deg .
Proposed Model
The proposed model in this research is similar to that of Hottel's model it only differ with additional coefficient attached to the beam atmospheric transmittance coefficient which signifies the clearness index of the day . Because Hottel's solar radiation model is applicable to clear sky in the absence of cloud, mist and haze, but cloud cover is generally high of 6.8 oktas out of 8 for Malaysian climate [11] 22
where, is the proposed beam atmospheric transmittance and is the percentage ratio of the average sky cloud cover to the sky overcast.
B. PV Power Prediction
The predicted hourly horizontal irradiance provides the basis for the prediction of hourly PV power output. This section describes the PV power output simulation used for the prediction. The power output of a solar panel is accounted by the two main parameters. Firstly, the current provided by the photovoltaic panel varies according to the incoming radiation impinging on the panel. Secondly, the open circuit voltage which is highly sensitive to the change in temperature. These variations could be due to variation of ambient temperature, irradiance or wind speed at the panel site.
The short circuit current depends linearly with change of irradiance, G in the following pattern [12] , as in / 23
where, is the reference short circuit current at STC, represents reference irradiance at STC.
Open circuit voltage
depends on the temperature of the PV cell which decreases linearly with increase in temperature as given in equation 24 [12] / 24
PV module operating temperature taking into account force convection is described by equation 25 [13] 0.32
where, is the ambient temperature, represent the mounting type and is the wind speed At the UPM weather station the wind speed record was not recorded because the sensor was faulty at then. The wind speed used for the proposed model was based on TRY of 21 years average hourly weather data from Malaysia Meteorological station in Subang, Klang Valley, Selangor, which is the nearest station to the UPM weather station [11] . Maximum hourly ambient temperature recorded at the site was used for the evaluation of the PV thermal model equation (25) 
C. Data Analysis
Climate influence such as cloud cover, humidity, temperature etc. describe solar radiation data pattern unsymmetrical throughout the period of observation. The irradiance variability is very difficult to predict as a result of several uncertainties. Power output from solar systems depends on the day of the month, sun position/orientation in the sky, panel orientation and sky condition Fig.2 ; these cause the sudden change in irradiance at any given time. Fig. 3 shows a 5 minutes interval radiation data collected between 7am-7pm at UPM solar site of coordinates (2.945N, 101.728E) on 24 th , June 2012. The data is filtered before comparison with other models, maximum radiation was considered in every hour during model evaluation as seen in Fig. 3 .
IV. RESULT ANALYSIS
Evaluation and accuracy of predicted inclined irradiance depends on the accuracy of the predicted horizontal irradiance. Predicted horizontal irradiance evaluation was performed at the UPM weather station as case study, where the 5 minutes global horizontal irradiance, temperature and other climate elements records were kept.
For global horizontal irradiance evaluation, three models were considered Ashrae, Hottel and the proposed model. Maximum irradiance of every hour of the day from 8 AM to 7 PM, of July 24th, 2012 at the UPM site was considered for the model evaluation. In Malaysia, most locations solar noon is at 1 PM [11] , but Ashrae model prediction shows noon occurred at 12 PM at this site of 1 PM noon and overestimated the incoming radiation from morning hours until 12 PM, also underestimated the radiation from 12 PM to sunset as compared to measured radiation, as clearly depicted in Fig.5 . Hottel's model confirmed the solar noon with Malaysian locations, but shows underestimation of the radiation throughout the day in comparison as shown in Fig. 5 . The proposed model shows under estimation from 8-10 AM with rest of the hours close to the measured data (Fig.5) .The evaluation of the three models in respect to the measured global horizontal radiation received at the site, is a good indicator in the selection of the most accurate model for PV power prediction. The correlation results show the proposed model performed very well with correlation coefficient 0.97 followed by Hottel 0.96 than Ashrae with 0.75 as shown in Fig. 7, 8 and 9 . Good performance and accuracy of the horizontal solar radiation prediction model leads to acceptance of the predicted inclined radiation by the model. The proposed model transformed the horizontal radiation into the inclined radiation received by the panel tilted at 15 0 due south as seen in Fig.6 and predicted the hourly power generated by the panel as shown in Fig.10 with the panel specifications as in Table 3 . V. CONCLUSION This paper presented an advanced model to predict the inclined solar radiation of any Malaysian location at any time of any orientation which can be used to predict the hourly power output of solar power plant, developed in MATLAB-SIMULINK environment. The proposed prediction model agreed with measured data compared to the Hottel and Ashrae models with correlation coefficients of 0.97, 0.96, and 0.75 respectively. However, accuracy of the proposed model could be improved if the errors due to experimental work and calibration were minimized. Thus the proposed model is good for predicting hourly radiation and hourly power prediction with minimal error.
